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PREDICTIVE ANALYSIS AND SYNTHESIS, MODELING AND CONTROL OF COMPLEX
TECHNOLOGICAL PROCESSES AND SYSTEMS
Bekkulov Zhahongir Sherboyevich
Tashkent state technical university named after Islam Karimov, Address: Universitetskayast.,100095, Tashkent city, Republic of
Uzekistan.
E-mail: jbekqulov@mail.ru, Phone:+998-99-081-09-55.
Abstract. Consider the theoretical underpinnings of practically predictive analysis and synthesis, modeling and
automatic control of complex chemical technological processes and systems, and the evolution of advanced (or advanced) APC
(Advanced Process Control) control of technological processes and industries. The current state of industrial automation systems
and the characteristics of their deployment are highlighted. The features of each stage of the analysis and synthesis of APC advanced process control for complex dynamic objects are disclosed. The real situation and features of the implementation of
industrial automation systems of industrial enterprises are reflected.
Keyword: Predictive analysis and synthesis of control systems, advanced control APC system, control based on a
predictive model.
Аннотация. Мураккаб кимё-технологик жараёнлар ва тизимларни башоратли таҳлил қилиш, синтезлаш,
моделлаштириш ва автоматик бошқариш назарияси ва амалиётининг концептуал асослари кўриб чиқилган, Технологик
жараёнлар ва ишлаб чиқаришларни такомиллашган бошқариш – АРС (Advаnsed Process Control) тизимларини
ривожланиши ёритилган. Мураккаб динамик объектларни такомиллашган бошқаришнинг АРС-тизимини таҳлил қилиш
ва синтезлаш босқичларини ўзига хос жиҳатлари очиб берилган. Реал вазият ва саноат корхоналарини
автоматлаштириш тизимини амалга оширишни ўзига хос жиҳатлари акс эттирилган.
Таянч сўзлар: Бошқариш тизимларини башоратли таҳлил қилиш ва синтезлаш, Такомиллаган бошқаришнинг
АРС-тизими, башоратловчи моделлар асосида бошқариш.
Аннотация. Рассмотрены концептуальные основы теории и практики предиктивного анализа и синтеза,
моделирования и автоматического управления сложными химико – технологическими процессами и системами,
раскрыта история развития усовершенствованного (или продвинутого) АРС (Advаnsed Process Control)-управления
технологическими процессами и производствами. Раскрыты особенности каждого этапа анализа и синтеза АРС –
систем усовершенстванного управления сложными динамическими объектами. Отражена реальная ситуация и
особенности реализации систем индустриальной автоматизации промышленных предприятий.
Ключевое слово: Предиктивный анализ и синтез систем управления, АРС-система усовершенствованного
спродвынумого управления, управление на основе прогнозирующей модели.

Predictive analytics is a category of data analysis approaches that handles the challenge of
forecasting future behavior of objects so that best judgments may be made. Applied predictive analysis is a
modern universal technique for incorporating a predictive analytics system into the overall management
process of technical processes and industries. Applied predictive analysis, in particular, is a cutting-edge
tool in the field of machine learning that is based on the testing of knowledge about the observed
technological object [1,3].
A diagram of development stages on the route to "digital maturity"[3] is shown in fig. 1. Domestic
industrial businesses, almost without exception, are currently in this stage. When it is already essential to
forecast the future, connectedness-preparation by systems and platforms for the digitization of accessible
resources and processes.
For example, the system under investigation may not be able to collect data with a cycle of, say, 10
seconds, which is sufficient for monitoring business statuses but insufficient for technical diagnostics and
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predictive analytics due to the rapid evolution of technological processes. The ERP/PLM/MES class
implements the third and fourth stages, which produce visualization, analysis, modeling, management, and
planning functionalities. A predictive analysis is performed next, one step at a time. Simultaneously, it is
critical not just to retain records and analyze statistical data, but also to predict the process under
investigation. Predicting the probability of building equipment jobs and the residual time of technical
equipment operation, for example, in order to do necessary repairs ahead of time. Artificial intelligence
systems are built around neural networks, fuzzy logic, and hybrid neuro-fuzzy structures [1,2].

Fig.1. Stages of digitalization.

These artificial intelligence methods are known as universal approximations, and they are widely
utilized for modeling and detecting linear and (more widely) non-linear objects, both separately and in
combination. This qualifies them for use as predictive models in predictive controllers. Because the accuracy
of their predictions is dependent on the quality of control, the latter is an intrinsic and important aspect of
predictive controllers [4,5]. The optimizer, which determines the value of each element of the control system
by solving the optimization problem, is another, but no less significant, component of predictive controllers.
Within a single sample rate, a predictive controller must deal with two computationally hard procedures:
predicting the future performance of a technology object and establishing the ideal value of a regulated
impact. This is one of the key reasons why slow-running processes require this type of regulator. To keep
predictive controllers from falling short, a method for ensuring the calculation technique in modeling and
optimization must be developed.
Figure 2 shows an assessment of the readiness of the existing IoT infrastructure (McKinsey IoT
Insights 2019) for a predictive analytics system. For such a system to exist, it is necessary to create a data
collection system based on existing information sources, as well as to equip the system with “smart” sensors
that have the entire arsenal of the necessary interfaces and hardware to generate and transmit a large amount
of information.
At the next stage, the aggregation of heterogeneous data is carried out, their processing and the
organization of a data warehouse - Data Lake (“data lake”), Data Warehouse (data storage or warehouse).
For operational data processing, it is necessary to use additional server technologies such as data processing
in the RAM of a machine, storage in “hot” and “cold” data storages, etc. The layer includes preliminary
analytics and reporting on data from the primary level of the hierarchy, at which anomalies are detected,
retrospective and prospective analysis is performed based on the use of a reliable forecast of the behavior
of equipment elements and assemblies and indications of technological processes. In order for a system to
be truly intelligent, an appropriate database is needed. The next, higher-level recommendation layer is a
stage of the decision support system (DSS), designed to significantly simplify the interaction of the system
13
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with the user, moving away the competencies of the last domain-specific expert level through the
development of recommendations. Finally, the highest rung of the system-level “action” hierarchy
determines the system responsible for independent decision-making. the growing number of research and
development in the field of predictive operational predictive control, including the control of nonlinear
objects (the so-called NSIP systems), which are based on hybrid neuro-fuzzy models, indicates an increased
interest and ambition to improve the functionality of intelligent control systems, but they also outline an
unsolvable problem in a given subject area. The creation of neuro-fuzzy models with reduced computational
weight, the development of fast reliable optimization methods, the study of the possibility of using
intelligent structures to tune predictive controllers are all part of the development directions of NSPP
systems. [5]. this characteristic of the modern human community is used by the concept of the information
society, which was introduced by the Aton scientist Y. Hayashi in 1969 [5]. The information concept is
based on the following premise: information is a universal general scientific category, which is the basis of
the existing reality.

Fig.2. Assessment of readiness for a predictive analytics system.

The active introduction of modern infocommunication technologies contributes to the formation of
a global information environment covering the entire planet. Information production increasingly embraces
the human community. The structure of the human community is changing dramatically under the influence
of information and communication technologies. The digital economy plays an important role in creating
new opportunities for medium and small businesses. The use of modern information technologies has
become important, but not the most resource for economic development [6-8].
At present, information technologies are developing at a rapid pace, which cannot but affect the
digital economy, when information acts as the main resource, formed, processed and transmitted using
information and communication technologies[9].In a coma of pretext, a digital revolution began, which was
called the information society, ilk in a visa that this is a society, most of which is engaged in processes with
production, limping, organizing information and knowledge. The growing number of publications and
developments in the field of non-linear predictive control (NSPP), based on hybrid neuro-fuzzy models,
indicates an increased interest and ambition to improve automatic controllers as part of operational
predictive control systems. If we turn to the essence of the predictive management model, it should be
emphasized that the Predictive Management (MPS) model, also called floating management (or extended
management), has now become a classic management method. as the main motive for the development and
evolution of predictive control, one can note the ability of regulators to work with multidimensional objects
with known or variable time delays [8]. An improved or advanced control is understood as a set of
mathematical methods and software and algorithmic tools aimed at building additional capabilities in an
14
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existing control system [10]. Recently, one of the most popular control systems for complex technological
processes and production of objects with a significant transport delay, non-linear objects, objects with
interrelated and mutually influencing variables has become the technology of automatic and automated
control based on a predictive (or predictive) model of objects. Such control implies the introduction of the
task of the developed predictive model into the control loop. In the lexicon of the modern theory of
automatic control, there have recently been terms:
Model-based predictive control (predictive control based on the model); model Predictive
Management (MPS) - floating or extended management; as well as the terms “predict controller” and “multiparameter controller” (derived from the English word predict). Fig.3 reflects the main essence of MPScontrol.
Minalo Bideshche
Output y(k+Np) predicted

Control u(k+N)

k+Nu

k k+1

k+Np

Horizon on control
Horizon on prediction

Fig.3. Floating or extended MPS control.

In predictive controllers based on a built-in model that describes the dynamics of an object, the future
values of the controlled predictive variables Np. The predicted values are functions of future control
variables u(k+j), where k=0.1, Nu-1 b of the current state of the system. A value of Nu specifies the control
horizon. Using these predictive values, a function is formed, the error (the difference between the actual and
predicted values of the controlled value) and the control action. By minimizing this function, a sequence of
optimal control values is obtained. In the next time period k+1, this process is repeated again, but the
predicted horizon is shifted one more step forward: this is why this control mode is often called remote
control horizons [11].
Predictive Controller

r

Optimizer

e

u

An object

y
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Fig.4. Block diagram of a control system with predictive controller.

MPS can refer to adaptive control systems and. In particular, to the class of self-regulating regulators.
The term IBPU (model-based pre-control) still appears in the literature. This is a class of computer control
algorithms that have the same features, namely: the use of an internal model that estimates the future state
of the system during a predetermined end time interval, called the prediction horizon Np; calculation of a
set of control values within the control horizon, minimization of the objective function; and applying only
the first value of this sequence, i.e. application of a long (remote) forecasting horizon.
Figure 4 shows a control system with a predictive controller. As follows from this figure and in
accordance with the foregoing, the predictive controller can be represented as a set of two interconnected
blocks - a prediction model (predictor) and an optimizer.
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There are a number of modifications of predictive controllers. Each of them has a number of features
that distinguish it from others, for example: the model used; algorithm for estimating parameters in the
model; algorithm for solving the optimization problem in each step, etc. In other words, they all differ
exactly in the structure and algorithms used in the two blocks in Fig. 4 - model and optimizer.
Some of the most popular modifications of predictive controllers [12] are:
• CGPC (continuous predictive control);
• CRT (predictive control of a limited receding horizon);
• DMC (dynamic matrix control);
• GPC (Generalized predictive control);
• GPCW (generalized predictive control with endpoint state suspension);
• PFC (predictive functional control);
• UPC (unified predictive control and others).
When it comes to advanced APC control, then, as a rule, the imitsa is precisely control based on the
MPS predictive object model, because it is MPS that has become the main direction and APC control, which
belongs to the most effective means of automatic and automated control of complex technological processes
and industries, successfully solving diverse problems, started from stabilizing the functioning of a dynamic
control object and ended with the task of optimizing the installation according to efficiency criteria:
maximum productivity, minimum energy consumption, minimum cost, and others. The most representative
task of stabilization, which is solved when traditional multi-connected proportional-integral-derivative
controllers are flooded by the system of this considered MPS class under consideration, is to reduce the
discrepancy or deposits of the controlled parameters from the given settings, which makes it possible to
more strictly comply with their required values. As a result, the adjustment settings of the regulator can be
close to the very limits of the technologically feasible and economically optimal regimes in the process
called quality margin removal [12].
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